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Figure 2 Average number of roots initiated per bulblet of 
Schizobasis intricata, 3 and 5 weeks after commencement of the 
rooting trial. Bulblets were placed on full- or half-strength Mura-
shige and Skoog medium, with 0 (dotted), 0.5 (blank) or 1 (hatch-
ed bars) mg I-I NAA. Treatments with the same letter do not differ 
significantly at P = 0.05. 
growth. Ultimately (36 weeks), an average of 14.1 shoots 
were produced per explant. In addition, shoot-producing 
callus had developed. This was multiplied and maintained 
by repeated subculturing onto the same medium. A dark 
period was not required for the initiation of bulb formation 
by these means. 
Once the bulbs were more than 3 mm in diameter, rooting 
trials were conducted. This was done in order to accelerate 
and increase root initiation beyond that which would occur 
spontaneously, and to improve chances of successful 
hardening-off. Bulbs were transferred to media containing 
full or half-strength Murashige and Skoog (1962) salts and 
vitamins, sucrose, myo-inositol, without hormones, or with 
0.5 or I mg 1-1 NAA. Within 2 weeks, some rooting was 
observed in all treatments. In the absence of NAA, the 
number of roots per bulb was greatly reduced (Figure 2), 
relative to those initiated from bulbs treated with 0.5 or I 
mg 1-1 NAA. This was the trend after both 3 and 5 weeks, 
whether half- or full-strength Murashige and Skoog (1962) 
medium had been used. The overall best treatment was half-
strength Murishige and Skoog (1962) medium with 1 mg .-1 
NAA, which resulted in an average of 8 roots being initiated 
per bulb in 5 weeks. 
Once the roots were well-established, the bulbs were 
planted in an autoclaved peat: sand (1:1) mix and transfer-
red to a mist-house for 2 weeks. Thereafter they were placed 
under shade-cloth. Ninety-five percent of the plants 
acclimatized successfully. By these means, approximately 
400 bulblets were obtained from a single initial bulb in one 
year. If the sterilization success rate were improved to 
nearer 100% than the 50% that was obtained, this figure 
could be doubled. 
Acknowledgements 
We thank Jenny Burden for ascertammg the usage of 
Schizobasis intricata, and the Foundation for Research 
Development for financial assistance. 
References 
COOK, E.L., CUNNINGHAM, A. & VAN STADEN, J. 1988. 
The tissue culture of an exploited Zulu medicinal plant, Bowiea 
volubilis. S. Afr. 1. Bot. 54: 509 - 510. 
DAHLGREN, R.M.T., CLIFFORD, H.T. & YEO, P.F. 1985. The 
Families of the Monocotyledons. Structure, Evolution and 
Taxonomy. Springer, Berlin. 
S.-Afr.Tydskr.Plantk., 1993, 59(1) 
DYER, R.A. 1976. The Genera of Southern African Flowering 
Plants: Gymnosperms and Monocotyledons. Department of 
Agricultural Technical Services, Pretoria. 
MURASHIGE, T. & SKOOG, F. 1962. A revised medium for 
rapid growth and bioassay with tobacco tissue cultures. 
Physiol. Plantarum 15: 473 - 497. 
WATT, I.M .. & BREYER-BRANDWIJK, M.G. 1962. The 
Medicinal and Poisonous Plants of Southern and Eastern 
Africa. E. and S. Livingstone Ltd, Edinburgh. 
Macroinvertebrates and peat nutrient 
mineralization on a sub-Antarctic island 
V.R. Smith* and Marianna Steenkamp 
Department of Botany and Genetics, University of the 
Orange Free State, Bloemfontein, 9301, Republic of South 
Africa 
Received 8 May 1992; revised 24 September 1992 
Moth larvae, earthworms and weevil larvae significantly 
enhance rates of nitrogen, phosphorus and potassium miner-
alization from peat on Marion Island (47"S, 38°E), as 
indicated by the amounts of inorganic forms of these ele-
ments released into solution in microcosms. Sodium release 
was unaffected by the animals and magnesium release 
enhanced by moth larvae only. Lower release rates of 
calcium and magnesium occurred in the presence of weevil 
larvae, indicating immobilization. The other two species had 
no influence on calcium release. These results, together with 
those of a previously reported investigation of the role of 
invertebrates in litter nutrient release, show that macro-
invertebrates are crucial agents of nutrient cycling. 
Studies in isolasiehouers (mikrokosmosse) op Marion-eiland 
(47"S, 38°E) het getoon dat motlarwes, erdwurms en 
kalanderlarwes die mineralisasietempo's van stikstof, fosfor 
en kalium uit veen (soos aangedui deur die vrystelling van 
anorganiese vorms van die voedingstowwe) beduidend ver-
hoog. Die vrystelling van natrium is nie deur die diere be-
invloed nie, terwyl aileen motlarwes magnesiumvrystelling 
verhoog het. In die teenwoordigheid van kalanderlarwes was 
die vrystelling van magnesium en kalsium laer as die van die 
kontrole, wat aan immobilisering toegeskryf word. Die ander 
twee spesies het geen invloed op kalsiumvrystelling gehad 
nie. Hierdie en ander resultate toon dat makro'fnvertebrate 
belangrik is vir voedingstofsiklusse op die eiland. 
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In a previous paper (Smith & Steenkamp 1992a) we showed 
that soil macro invertebrates enhance rates of inorganic 
nutrient release from plant litter on Marion Island (47°S, 
38°E), and suggested that these organisms may be cardinal 
agents of nutrient cycling. Peat contains by far the greatest 
reserve of nutrients in the island's ecosystem and in this 
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communication we consider the effect of the three most 
abundant soil macroinvertebrates on rates of peat nutrient 
mineralization. These are moth (Pringleophaga marioni) 
larvae, earthworms (Microscolex kerguelarum) and weevil 
(Ectemnorhinus sp.) larvae. 
Freshly collected peat from the top S cm of a mire-grass-
land community (Smith 1987) was pushed through a 2-mm 
sieve to remove most roots and fibrous debris, air-dried and 
crumbled. Samples (equivalent to S g on an oven-dry basis) 
were added, together with a O.S-ml inoculum of fresh peat 
homogenized in autoclaved, distilled water, to 24 cylindrical 
perspex microcosms (Anderson & Ineson 1984). Separate 
subsamples of the air-dried peat were oven-dried at !OSoC 
to constant mass. The microcosms were filled with water, 
left overnight and drained. This removed readily soluble 
nutrients which had been mobilized during the drying and 
rewetting. Invertebrates (2 moth larvae or earthworms or S 
weevil larvae) were then added to the microcosms (6 micro-
cosms per invertebrate type). The microcosms were placed 
in incubators at woe. 
The quantities of nutrients released from the peat were 
monitored by leaching the microcosm contents periodically 
with distilled water and determining the concentrations of 
NJ-4-N, NOrN, P, Ca, Mg, Na and K in the filtered 
leachates. Details of the leaching protocol, analytical 
techniques and calculation of the nutrient mineralization 
rates were given previously (Smith & Steenkamp 1992a). 
All three invertebrates markedly enhanced peat N miner-
alization rates but differed in their influence on the form of 
mineral N which predominantly appeared (Figure 1, Table 
1). They all significantly enhanced rates of NJ-4+-N 
appearance, with moth larvae causing an 8 times, and 
earthworms a 6 times, greater stimulation than weevil 
larvae. However, weevil larvae also enhanced No,--N 
release. N03- was the only form of inorganic N which 
appeared in control (i.e. without invertebrates) microcosms. 
This was unexpected, since NH; was the form 
predominantly produced by incubating the peat in situ 
(Smith & Steenkamp 1992b) or in microcosms containing 
plant litter, and was possibly due to the fact that the peat 
was air-dried before being added to the microcosms. 
Although it was thoroughly rewetted, it was probably held 
under more aerobic conditions in the microcosms than 
would have occurred in the in situ incubations carried out by 
us (Smith and Steenkamp 1992b). 
Overall, the three invertebate species increased rates of N 
mineralization between 7- (weevil larvae) and 28-fold (moth 
larvae). Interestingly, they enhanced N release from peat to 
a significantly (P ~ O.OS) greater extent than from plant 
litters (Smith & Steenkamp 1992a), perhaps because the 
peat C:N ratio (ca. 18) is smaller than that of the plantlilters 
(ca. 40). 
Approximately 200 J.1g P g-l peat was mineralized in 24 
days in the presence of moth larvae and earthworms, but no 
inorganic P was released in microcosms containing weevil 
larvae, or in control microcosms. Weevils also had no effect 
on P loss from plant litters (Smith & Steenkamp 1992a), so 
possibly they do not excrete P to any extent. 
All three invertebrates significantly enhanced mineraliza-
tion of K, with the moth larvae being 4 - S times more 
effective than earthworms or weevil larvae. Moth larvae and 
earthworms had no effect on Ca mineralization and weevil 
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Figure 1 Cumulative amounts of nutrients released with time 
from microcosms containing only peat (0 - - -0) or peat with moth 
larvae (._..), earthworms ( •...• ) or weevil larvae (~ .... ~) . 
Each point is the mean of six replicates. 
larvae appeared to cause significant immobilization of Ca. 
Mg loss in the presence of weevil larvae was also only 
about 7S% of control values, but the effect was only 
significant at P = 0.1. Moth larvae enhanced the rate of Mg 
release. None of the three species significantly effected 
losses of Na. 
The island's oceanic climate (continuously moist and 
cool, without bitterly cold periods) allows for high primary 
production (Smith 1987) and consequently the vegetation 
has a considerable requirement for nutrients (Smith 1988). 
Allochthonous inputs of nutrients to most of the plant 
communities are very small and peat decomposition must 
supply most of the nutrients taken up by the vegetation 
(Smith 1988). However, soil microbial activity is severely 
depressed by constantly low temperatures, soil acidity and 
waterlogging, so that there is an imbalance between primary 
production and decomposition. Mineralization by soil micro-
organisms alone cannot replenish pools of plant-available 
nutrients fast enough to account for rates of uptake by the 
vegetation (Smith & Steenkamp 1992b). The results present-
ed here, and those from experiments with plant litter (Smith 
& Steenkamp 1992a), show that soil macro invertebrates are 
crucial to nutrient cycling on the island, being able to 'short-
circuit' the slow mineralization of nutrients mediated by 
microorganisms alone. 
Macroinvertebrates on the island are heavily predated 
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Table 1 Influence of macroinvertebrates on rates [j.l.g (g peatr1 day-1) 
of nutrient release from peata 
Enhancement Stimula-
Nutrient Treatment Rate by animalsb tion 
NH4·N Control 0 
P. marioni laIVae 39.59 ± 2.439 39.59*** 40X 
M. kerguelensis 28.15 ± 1.548 28.15*** 28X 
Ectemnorhinus laIVae 4.99 ± 0.845 4.99** 5x 
N03-N Control 1.50 ± 0.257 
P. marioni laIVae 2.52 ± 0.304 1.02 
M. kerguelensis 1.72 ± 0.335 0.22 
Ectemnorhinus laIVae 5.22 ± 0.403 3.72** 3.5X 
Inorganic N Control 1.50 ± 0.257 
P. marioni laIVae 42.12 ± 2.453 40.62*** 28x 
M. kerguelensis 29.88 ± 1.498 28.38*** 20X 
Ectemnorhinus laIVae 10.22 ± 1.068 8.72** 7x 
P Control 0 
P. marioni laIVae 8.40 ± 0.692 8.40*** 8X 
M. kerguelensis 8.03 ± 0.789 8.03*** 8X 
Ectemnorhinus laIVae 0 0 
K Control 0.81 ± 0.090 
P. marioni laIVae 7.35 ± 0.891 6.54** 9X 
M. kerguelensis 1.97 ± 0.054 1.16*** 2.5 X 
Ectemnorhinus laIVae 2.40 ± 0.181 1.59** 3x 
Ca Control 2.20 ± 0.033 
P. marioni laIVae 2.49 ± 0.157 0.29 
M. kerguelensis 2.34 ± 0.327 0.14 
Ectemnorhinus laIVae 1.38 ± 0.063 -0.82*** 0.6x 
Mg Control 1.01 ± 0.086 
P. marioni laIVae 1.36 ± 0.081 0.35* 1.3 X 
M. kerguelensis 1.08 ± 0.169 0.07 
Ectemnorhinus laIVae 0.75 ± 0.052 -0.26 
Na Control 3.61 ± 0.352 
P. marioni laIVae 3.73 ± 0.303 0.12 
M. kerguelensis 3.04 ± 0.328 -057 
Ectemnorhinus laIVae 4.32 ± 0.463 0.71 
• Values are the means for six replicates and the fiducial limits are standard errors. 
b Significant enhancements are indicated as P = *0.05, **0.01 or ***0.001. 
upon by feral housemice (Gleeson & Van Rensburg 1982) 
and if, as suggested by us (Smith & Steenkamp 1990), the 
island's mouse population is increasing in response to 
ameliorating temperatures and/or declining feral cat 
numbers, then this has important consequences in terms of 
ecosystem functioning (e.g. Crafford 1990). We propose 
that the overall effect of an increasing mouse population, 
with the consequential enhanced predation on soil inverte-
brates, will be that rates of nutrient mineralization will 
decline, exacerbating nutrient limitations to primary 
production, and lowering litter nutrient quality. This will 
lead to an even greater imbalance between primary produc-
tion and decomposition and result in a change (we suggest 
an increase) in rates of peat accumulation, which is one of 
the most important factors controlling vegetation succession 
on the island. 
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